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© Colorant for printing. 



© A colorant free from cellulose reactive groups comprising an anionic dye carrying from 1 to 10 acidic groups 
and at least one poly(C2-*-alkyleneimine) group containing from 2 to 10 C2-t-alkyleneimine units-. The colorant 
is adapted for the preparation of aqueous inks for use in the printing of paper to give prints haying enhanced 
water-fastness. The black colorants of this class are especially suitable for use in ink-jet printing inks for the 
printing of alphanumerics and related symbols from computer output. 
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Colorant for Printing 

This specification describes an invention relating to a novel colorant and particularly to a colorant which 
is adapted for the production of a water-resistant image on paper. The image may be formed by dissolving 
the colorant in an aqueous solvent to form an ink and applying the ink to paper, preferably by means of an 
ink-jet printing process. 

5 The present invention provides a colorant free from cellulose reactive groups comprising an anionic dye 
carrying a total of from 1 to 10 acidic groups and at least one poly(C 2 -*-alkylene-imine) ("PAI") group 
containing from 2 to 10 C 2 -4-alkyleneimine ("Ai M ) units. 

The- PAI groups may be attached directly to the anionic dye but are preferably linked to the anionic dye 
through polyvalent, preferably di- or tri-valent, linking groups. 

w The anionic dye preferably comprises 1 or 2 chromophoric groups and from 1 to 3 polyvalent linking 
groups through which each chromophoric group is linked to another chromophoric group or to a poiy(C 2 -4- 
alkyieneimine) ("PAI") group. The acidic groups may be carried by the chromophoric and/or the linking 
groups. 

The colorant may be derived from known anionic dyes which may already carry suitable polyvalent 
75 linking groups and the required number of acidic groups although if there are none or insufficient linking 
groups and/or acidic groups already present more of each may be added by methods familiar to the skilled 
man. 

The acidic groups are preferably selected from carboxylate, -COCT phosphonate, -P0 3 - and, more 
preferably, sulphonate. S0 3 ". Where the colorant contains more than one acidic group these may 'be the 

20 same or different. There should preferably be sufficient acidic groups to render the colorant water-soluble to 
the extent of 5% at pH 8 or above and it is preferred that there are from 2-6, and especially, 3-5 such 
groups. It is preferred that most, and more especially all, of the acidic group are sulphonic acid groups. 

Each chromophoric group is preferably the residue of an azo, anthraquinone, phthalocyanine or 
triphendioxazine dye and preferably carries from 1 to 4 acidic groups. 

25 The azo dye is preferably a mono- or bis-azo dye derived from benzene or naphthalene diazo 
components and benzene, naphthalene or monocyclic heteroaromatic couplers, preferred monocyclic 
heteroaromatic couplers being pyridones and pyrazolones. Preferred diazo components and couplers are 
those typically used in the preparation of water-soluble dyes, especially direct, acid and cellulose reactive 
dyes, generally carrying substituents selected from hydroxy, amino, Ci -♦-alkylamino, di-(Ci-*-alkyl)amino, 

30 phenylamino, naphthylamino, acetylamino, nitro, cyano, Cw-alkyl, Ci -*-aikoxy, trifiuoromethyl, halogen! . 
especially chlorine and bromine, and especially acidic groups which promote water-solubility such as 
carboxylate (-COCT), phosphonate (P0 3 ~), and sulphonate <-S0 3 -). 

The anthraquinone dye preferably carries up to 5, and more especially up to 4, substituents selected 
from hydroxy, Cw-alkoxy, phenoxy, amino, mono- or di-Cw-alkyfamino, phenylamino (especially 

35 tolylamino or acetyiaminophenylamino), nitro and sulphonate. The sulphonate groups may present on the 
anthraquinone nucleus or on the previosly mentioned substituents. 

The phthalocyanine is preferably a copper phthalocyanine carrying up to 10 peripheral substituents 
selected from halogen, especially chlorine and bromine, CWalkyl- or phenyl-sulphonamido, and especially 
from 1 to 4 sulphonate groups 

40 The triphendioxazine dye is preferably a 9,10-dihalo-1,5-disulphotriphendiaxazine, preferably having 
amino or hydroxy groups in the 2,6- and/or 3,7 positions for attaching PAI groups, preferably through linking 
groups, in order to prepare symmetrical colorants of Formula III, below. 

Preferred linking groups are derived from compounds containing active hydrogen or halogen atoms 
which react with amino or hydroxy groups. Thus, a chromophoric group is preferably derived from a dye 

45 carrying a hydroxy, or more preferably an amino, group by removal of a hydrogen atom therefrom or by 
removal of the complete hydroxy or amino group. It follows that the dye from which any chromphoric group 
is derived preferably carries sufficient amino and/or hydroxy groups, especially amino groups, through 
which it may be attached to the appropriate number of linking groups and thereby linked to other 
chromophoric groups and/or PAI groups. 

so Examples of preferred chromophoric groups are: !-hydroxy-2-(l-[4-sulphophenylazo]-6-sulphonaphth-4- 
ylazo)-3-sulphonaphth-7-ylamino 

1 -hydroxy-2-{1 -[4-sulphopheny lazo]-6-sulphonaphth-4-yiazo)3, 6-disulphonaphth-7-y!amino 
1 -hydroxy-2-(1 -[4-sulphophenyiazo]-naphth-4-ylazo)-3-sulphonaphth-7-ylamino 
3- (4-[1 -hydroxy-3-sulpho-7-aminonaphth-2-ylazo]-6-sulphonaphth-1 -yiazo)-4-suIphophenyiamino 
1 -hydroxy-2-(2-su!phopenylazo)-3,6-disulphonaphth-8-ylamino 

2 
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3-[1 -amino-2-(4-nitropheny lazo^ 

1-hydroxy-2-(1-[4-carboxyphenyla£0>6-sulpho-naph^ 

1-hydroxy-2-(1-[2-sulpho-5-aminophenylazo]^^ 

1-hydroxy-2-(4-[2,5-disulphophenylazo]-2-methoxy-5-m^ 
5 1-hydroxy-2-(2-sulphophenylazo)-3-suiphonaphth-6-ylamino 

1-hydroxy-2-(1,5^isulphonaphth-2-yla2o)-3 t 6-disu!phonaphth-8-yl-amino 

3-[1-amino-2-(4-[4-(4-amino-2-hydroxyphenylazo^ 

hydroxynaphth-7«ylazo]-4-sulphophenylamino 

3-[1-amino-2-(4-[4-(2-amino-4-hydroxyphenyl^ 
10 hydroxynaphth-7-ylazo]-4~sulphophenylamino 

9j0<lichloro-1,5^isuiphotriphendioxa2in-2,6-yl-bis(aminoethyl)-amino 

Copper aminoethylaminosulphonylphthalocyanine trisulphonic acid 

Copper aminosulphonylphthalocyanine disuiphonic acid 

5- (1-amino-2-sulphoanthraquinon-4-ylamino)-2-8ulphophenylamino 

75 Each PAI group, which may be attached directly to a chromophoric group but is preferably attached 
through a linking group, preferably conforms to the formula: 
- NH - (C m H 2m NH) p - W I 
wherein m is from 2 to 4, preferably 2 or 3; 
p is from 2 to 10, preferably 2 to 6; and W is H or Ci-4-aikyl. 

20 Where the colorant contains more than one PAI group, these may be the same or different provided 
that at least one. and more preferably all, are as hereinbefore defined. It is preferred that the colorant 
carries not more than 5. and more especially, 1 or 2 PAi groups and that these conform to Formula i. it is 
further preferred that the total number of Al units, in all the PAI groups is from 3 to 12 and. more preferably 
from 3 to 8. Preferred PAI groups include diethylenetriamino and more especially triethylenetetramino, 

25 tetraethylenepentamino and pentaethylenehexamino 

The linking group or groups may be any convenient di-, tri-or tetra-valent group, depending on the 
number of chromophoric and/or PAI groups to be attached together, capable of linking one or more PAI 
group to one or more chromophoric groups and may be already present in the dye from which the 
chromophoric group is derived. 

30 The linking groups may be simple linking groups, such as 2,4,6-triazin-1 ,3-ylene (divalent) and 2,4,6- 
triazin-1,3,5-ylene (trivaient) 

derivable from cyanuric chloride or from a mono- or di-chlorotriazinyl group attached to dye from which the 
chromophoric group is derived; 

1,6,- 3,6 or 5,6-dichloro-2,4-pyrimidinylene (divalent), 6-chloro-2,4-pyrimidin-1,3,5-ylene (trivaient) and 2,4- 
35 pyrimidin-1,3,5,6-ylene (tetravalent), 

derivable from 1 ,3,5,6-tetrachloropyrimidine or from a tri-chloropyrimidinyl group attached to the dye from 
which the chromophoric group is derived; 

6- carbonylquinoxalin-2,3,6-ylene (trivaient) 

derivable from 2,3-dichloroquinoxaline carboxylic acid or a monoor from a di-chloroquinoxalin-6-ylcarbonyi 
40 group attached to the dye from which the chromophoric group is derived; 
carbonyl (divalent) 

derivable from phosgene or a -COCI groups attached to the dye from which the chromophoric group is 
derived; 

sulphonyl (divalent) 

45 derivable from chlorosulphonic acid or a -S0 2 CI groups attached to the dye from which the chromophoric 
group is derived; 
methylene (divalent) 

derivable from formaldehyde or from a -CHO group attached to the dye from which the chromophoric group 
is derived; 

so or complex linking groups derived from one or more simple linking groups. 

Complex linking groups may be formed where a simple linking group has more valencies than are 
required to link together the desired number of chromophoric and PAi groups. The simple linking group 
may be formed into a complex linking group, 

(i) by the attachment of a monovalent blocking group to each free valency (i.e. one not required to 
55 link the desired number of chromophoric and PAI groups) on the linking group, or 

(ii) by linking it to one or more other linking groups, but preferably only one, with a polyvalent, 
preferably a divalent, bridging group. 

The blocking or bridging groups may also carry acidic groups which form part of the total of 1 to 10 



3 



EP 0 348 050 A1 

acidic groups present in the colorant. Preferred blocking groups are selected from hydroxy, aikoxy and 
alkylthio, especially Ci-*-alkoxy and aikylthio, alkenoxy, especially C3-4 -alkenoxy, cycloalkoxy, especially 
cyclohexoxy, aryloxy and thio analogues thereof, especially phenoxy and phenylthio and amino. Preferred 
bridging groups are diamino groups, such as diaminophenylene, diamino- naphthylene, dia- 

5 minodiphenylene, diaminodiphenylamine, diamino- stilbenyiene and diamino-Ci -^-alkylene. 

Where the blocking or bridging group is an amino or a diamino group this is preferably of the formula, 
-NTT 2 or •NP-X-N'P-in which X is arylene or alkylene, V and T 2 are each independently H, alky!, alkenyi, 
cycloalkyl or aryl, or T 1 and T 2 , or T 1 , T 2 and X, together with the nitrogen atom(s) to which they are 
attached, form a heteroaiicyciic group, such as piperidino, morpholino, piperazino. 

70 Where the blocking or bridging group is or contains aikyl, alkylene, alkenyi or cycloalkyl these are 
preferably optionally substituted d-*-alkyl, C 2 -s -alkylene, C2-4-alkenyi or C4-8 -cycloalkyl, respectively, 
and especially methyl, ethyl, n-propyl, allyl and cyclohexyl, in which preferred optional substituents are 
halogen, Ci-*-alkoxy and C1 -4-alkyl and phenyl. Where the blocking or bridging group is or contains aryl, 
this is preferably optionally substituted phenyl (e.g phenyl and phen-1 ,4-ylene) or naphthyl, (e.g. naphth-t- 

rs yl, naphth-2-yl, naphth-1 ,4-ylene and naphth-1,5-ylene) in which preferred optional substituents are -SO3H, 
-COOH, -PG>3H, OH, Ci-4-alkyl, C1-4 -aikoxy, nitre or a PAI group. Examples of suitable blocking and 
bridging groups are hydroxy, methoxy, phenoxy, methyiamino, benzylamino, N.N-dimethylamino, 
phenylamino, N-methylN-phenylamino, 2-, 3- or 4-sulphophenylamino, 2,4- or 2,5-disulphophenylamino, 
phen-1 ,2-ylene, 3- or 4-sulphophen-l ,2-ylene, phen-1 ,3-ylene, 4- or 5-sulphophen-1 ,3-ylene, phen-1 ,4-ylene 

20 and 2-sulphophen-1 ,4-ylene. 

A preferred colorant may be conveniently represented by one of the following formulae: 



25 



30 



so 
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D - J - R (II) R-J-D-J-R (III) 



R R 
D - i/ (IV) D - l/ (V) 



D D 
\ / 

M (VI) 

R R 

wherein 

each D independently is a chromophore 
40 each J independently is a divalent linking groups 
each L independently is a trivalent linking group 
M is a tetravalent linking group; and 

each R independently is a PAI group containing from 2 to 10 Al units; 

in which the total number of acidic groups in each compound, carried by D, J, L & M, is from 1 to 10. 
45 It is especially preferred that the colorant is black by virtue of the incorporation of a black chromophoric 
group or groups or of two or more chromophoric groups which in combination give rise to a biack colorant. 

The linking groups represented by J, L and M may be simple linking groups or complex linking groups 
formed by combination of linking groups with blocking and/or bridging groups as hereinbefore described. 
Examples of such complex linking groups are: 

5-(3-sulphophenylamino)-2,4,6-triazin-1 ,3-ylene in which 2,4,6-triazin-1 ,3,5-ylene is a trivalent linking group 
and 3-sulphophenyiamino is a monovalent blocking group; 

5-(2-hydroxyethyIamino)-2 l 4,6-triazin-1 ,3-ylene in which 2,4,6-triazin-1 ,3,5-ylene is a trivalent linking group 
and 2-hydroxyethyIamino is a monovalent blocking group; 

^^(^.e-triazin-I.S-ylene-S-ylaminoJbenzene in which each 2,4,6-triazin-1 ,3,5-ylene is a trivalent linking 
group and 1 ,4-diaminophen-1 ,4-ylene is a divalent bridging group. 

Examples of suitable colorants of Formula I are: 
1-hydroxy-2-(1-[4-sulphophenylazo]-6-sulphonaphth-4-ylazo)-3-sulpho 7-(3 t 5-di-[triethylenetetramin-1-yl]- 
2,4,6-triazin-1-yl-amino)-naphthalene 
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2-(^[4-sulphophenylazo]-naphth-1-^ 
triazin-1 -yl-amino)-naphthaiene 

1- (1-hydroxy-3-sulpho-7-aminonaphth-2-ylazo)^^ 

s 1 -y l)-2,4,6-tria2in-1 -ylamino]-2-sulphopheny lazo)-7-sulphonaphthalene 

2- (-4-[2,5Kiisulphophenylazo]-2-methoxy-5-meth^^ 
[pentaethylenehexamin-1-yl]-5-[5-hydroxy-6-(2-sulphoph 
yl-amino)-naphthalene 

bis-1 ,3-(3-[3,6-disulpho-8-hydroxy-7-(1 ,5-disuIphonaphth-2-ylazo)-naphth-1 -ylamino]-5-[triethylenetetramin-1 - 
70 yl>2,4,6-tria2in-1-yl amino)-benzene 

1-amino-2-(4-[4-(4-amino-2-hydroxyphenylazo) pheny!amino]-3-sulphophenylazo)-3,6-disuIpho-8-hydroxy-7- 

(2-sulpho-5-[3-(3-sulphophenylamino)-5-(pentaethyte^^ 

naphthalene 

9,1Q-dichloro-1 .SHjisulpho^.B-dHa-tS-sulphophenyla^^ 
75 ylaminoethylaminoHriphendioxazine 

Copper 3,5-di-(triethylenetetramin-1-y^ irisul- 
phonic acid 

Copper triethylenetetramin-1-yl)sulphonylphihaiocyanine trisulphonic acid 
1-amino-2-sulpho-4-(4-su!phch3-[3-(tetraethylenepentamin-l-yl)-5-(3-sulphophenyl^ 
20 ylamino]phenylamino)-anthraquinone 
1-hydroxy«2-(2-sulphopenylazo)-3 f 6-disu^ 
y iamino)-naphthalene • 

1-hydroxy-2-(2-sulphopenylazo)-3,6-disulpho-8-(5-^ 

chloro-2,4-pyrimidin-1 -yl-amino)«naphthaiene 
25 1-hydroxy-2-(2-suiphopenylazo)-3,6-disulpho-8^ 

ylquinoxaiine-6-ylcarbonylamino)-naphthalene 

1-hydroxy-2-(4-[4-sulphophenylazo]-7-sulpho-naph^ 
- ylcarbonylamino)naphthalene 

1-hydroxy-2-(4-[4-suiphophenylazo]-7-sulpho-naph%^ 
30 naphthalene 

The present colorants may conveniently be prepared from a dye carrying one or more groups 
containing one or more active halogen atoms by reaction with a polyalkyleneimine. Examples of groups 
containing active halogen or hydrogen atoms are, chlorotriazinyl, dichlorotriazinyl, dichloropyrimidinyl, 
trichoropyrimidinyl, chloroquinoxalinyl and dichloroquinoxalinyl. Such a dye may be prepared by reaction of 

35 a dye having one or more amino cr hydroxy groups with a compound having active chlorine atoms, such as 
cyanuric chloride or a polychloro- pyrimidine or quinoxaline. Colorants having a carbonyl, sulphonyl or 
methylene linking group may be prepared by reacting an appropriate dye with phosgene, formaldehyde or 

chlorosulphonic acid and subsequently with a polyalkyleneimine. 

It is preferred that the ratio of the number of acid groups in the colorant to the number of basic nitrogen 

40 atoms in the PAI groups of Formula I is such that the colorant has an isoelectric point in the range pH 4 to 
pH 12 and more preferably in the range 5 to 7. 

Because the colorant contains both acidic and basic nitrogen atoms in the PAI groups, preferably 
substantially in balance, it will form Zwitter-ions or inner-salts at or close to the isoelectric point at which 
point the colorant should have a minimum solubility in water. Thus the water-solubility of the colorant should 

45 increase as the pH of the environment in which it is located moves away from the isoelectric point. 

It has been found that the present colorant can be dissolved in an aqueous medium at a pH 
significantly above the isoelectric point, preferably from pH 7.5 to pH 9, at normal concentrations (which, 
depending on its inherent solubility, can be up to 20% by weight) so that it can be formulated as a stable 
ink for application by any suitable technique, especially ink-jet printing, to a paper substrate. After 

so application of the ink to the substrate and evaporation of the solvent, the colorant is at a pH determined by 
the surface of the paper substrate. The natural pH of many paper substrates (pH 5-7) is such that the 
colorant will be closer to the isoelectric point than it was In the solution and therefore less soluble. This 
means that the colorant will be more resistant to removal from the substrate by washing, i.e. it will have a 
higher water-fastness than in non-zwitterionic form in which it exists in the aqueous medium. 

55 If the isoelectric point of the colorant is significantly different from the natural pH value of the paper 
surface, the pH of the paper surface can be adjusted downwards, by the addition to the ink of a salt of an 
acid with a volatile base, such as ammonia. When the ink dries the base evaporates to leave the free acid 
which will lower the pH of the paper surface in the region of the colorant To minimise damage to the paper 
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it is preferred to use a weak acid, such as acetic acid. 

To avoid possible harmful effects to standard printing equipment it is preferred that the coiorant has an 
isoelectric point in the region of the natural pH of the paper, i.e. pH 5-7, and to dissolve the colorant in an 
aqueous ink medium at pH 7.5-9. On application of the ink to paper and evaporation of the solvent, the 
5 colorant will exist in an environment with a natural pH of 5-7, i.e. closer to the isoelectric point than it was in 
solution and thus the water-fastness of the colorant is increased. If desired, the pH of the paper surface can 
be reduced by the addition to the ink of a salt of a weak acid with a volatile base. 

A suitable ink comprises a solution of a colorant according to Formula I in an aqueous medium. 

The ink preferably contains from 0.5% to 20%, more preferably from 0.5% to 15%, and especially from 
10 1 % to 1 0%, by weight of the colorant based on the total weight of the ink. 

Liquid media used for preparing the present ink include water and mixtures of water with various water- 
soluble organic solvents. The water-soluble organic solvents include C1-C4. alkanols such as methanol, 
ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-butanol, isobutanol; amides such as dimethyl- 
formamide and dimethylacetamide; ketones or ketone alcohols such as acetone and diacetone alcohol; 
75 ethers such as tetrahydrofuran and dioxane; nitrogen-containing heterocyclic ketones such as N-methyl-2- 
pyrrolidone and 1,3-dimethyl-2-imidazole-idinone; polyaikylene glycols such as polyethylene glycol and 
polypropylene glycol; alkylene glycols and thioglycols containing C 2 -C 6 alkylene groups such as ethylene 
glycol, propylene glycol, butyiene glycol, triethylene glycol; thiodiglycol, hexylene glycol, and diethylene 
glycol; other polyois such as glycerol, 1 ,2,6-hexanetriof; and lower aikyl ethers of polyhydric alcohols such 
20 as 2-methoxyethanol. 2-(2-methoxyethoxy)ethanol, 2-(2-ethoxyethoxy)ethano! and 

2-[2-(2-methoxyethoxy)ethoxy]ethanol, 2-[2-(2-ethoxyethoxy)ethoxy]-ethanoL 

Preferred water-soluble organic solvents among these are glycols and glycol ethers, such as ethylene 
glycol, diethylene glycol, triethylene glycol and 2-methoxy-2-ethoxy-2-ethoxyethanol; polyethylene glycols 
with molecular weights up to 500; and heterocyclic ketones such as N-methylpyrrolidone and 1 ,3-dimethyl- 

25 2-imidazolidione. Preferred specific solvent mixtures are a binary mixture of water and diethylene glycol and 
a tertiary mixture of water, diethylene glycol and N-methyl-pyrroIidone. 

The ink may be applied to the substrate by any convenient printing technique but the present dye and 
ink is particularly suitable for use in ink jet printing. An especially suitable process for the application of an 
ink as hereinbefore defined to a paper substrate comprises forming the ink into small droplets by ejection 

30 from a reservoir through a small orifice by the application of heat so that the droplets of ink are directed at 
the paper substrate. 

This printing process is conventionally referred to as thermal ink jet printing and is used to form a 
record on the paper substrate by the programmed application of pulses of heat to the ink adjacent to the 
orifice during relative movement between the paper substrate and the reservoir. 
35 The invention is further illustrated by the following Examples in which all parts and percentages are by 
weight unless otherwise indicated. 



Example 1 

40. 

Stage 1 

A solution was prepared by mixing 25.3g aniline-2,5-disulphonic acid (0.1 M) with 125g water and 
45 sufficient of a 32% aqueous solution of sodium hydroxide to give a neutral solution. The mixture was then 
stirred with 7.25g sodium nitrite and the resultant solution added to 20g 36% hydrochloric acid and 50g ice 
over 10 minutes with suitable agitation. The resultant suspension was held at 15-20° C for 15 minutes after 
which 10% sulphamic acid solution was added to remove excess nitrous acid and 20% sodium carbonate 
solution to raise the pH to 4.0-4.5. 
so A solution of 13.7g cresidine (0.1 M) in 50g water and 8.7g 36% hydrochloric acid (8.7 parts) was 
prepared at 60* C. The solution was added slowly to a mixture of 125g water, 20g sodium acetate and 40g 
ice at <10*C. 

The diazo compound prepared above was added to the suspension of cresidine over 15 minutes at 
<10 C. The suspension v/as stirred 18 hours and the product collected by filtration, washed with saturated 
55 sodium chloride solution and dried at 40* C to give 85g (0.092 moles, yield 92.15%) of the amino-azo dye 
2-methoxy-4-(2,5-disulphophenylazo)-5-methylaniline. 
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Stage 2 

A solution of 92.3g of the amino-azo dye from Stage 1 (0.1 M) in 250g water at pH 7.5-8.0 was prepared 
and 52.5g 2N sodium nitrite solution (0.1 05M) was added. The resulting solution was added to 50g 36% 

s hydrochloric acid and 250g ice over 15 minutes at 0-5* C and the mixture stirred for 15 minutes after which 
excess nitrous acid was removed by the addition of 10% sulphamic acid solution. 

The solution of the diazotised amino-azo dye was then added, at <10* C, over 20 minutes to a solution 
of 36.1 g acetyl-H-acid (0.1 1M) in 300g water. At the same time 170g of 8% sodium hydroxide solution was 
added dropwise to the reaction to maintain the pH value at 7.5-8.5. The coupling mixture was stirred 1 hour 

10 at 0-5* C after which 31 Og salt was added, followed by 36% hydrochloric acid to maintain a pH of 2.0 and 
to precipitate the product. The disazo dye was collected by filtration, washed with a 25% sodium chloride 
solution and dried. The dry product was added to 1000g 8% sodium hydroxide solution and the mixture 
heated to 70-80 *C for 6 hours. The solution was cooled to 40* C, 36% hydrochloric acid added to a pH 
value of 7.0 followed by 250g salt (25% w/v) to precipitate the dye. This was collected by filtration and 

rs washed with 25% sodium chloride solution. The 381 g filter paste contained 62.5g (0.089 moles), yield = 
76.5%) of the disazo-amino dye 1 -amino-3,6-disulpho-7-[2-methoxy-4-(2,5-disulphophenylazo)-5- 
methylphenyl-azo]-8-hydroxy-naphthalene. 



20 Stage 3 

To a solution of 49.85g of the disazo dye from Stage 2 (0.01 M) in I00g water at 0-2 *C was added 
evenly a solution of 3.7g cyanuric chloride in 30g acetone with rapid agitation. The pH was maintained at 5- 
6 by the addition of 8% sodium hydroxide solution and the reaction was complete in 1 hour. The solution 

25 was screened and a neutral solution of 2.39g J-Acid (0.01 M) in 100g water was added. This solution was. 
warmed to 35* C over 1 hour and this temperature maintained a further 1 hour. At the same time a pH .value 
of 6.0-6.5 was maintained by the addition of 8% sodium hydroxide solution. The reaction was tested for 
completion by thin-layer chromatography. 

To the solution was added 6g pentaethylenehexamine and this was then heated to 50-55* C for 7. hours. 

30 The pH was adjusted to 5.0 with 5N HCl to precipitate the dye. The product was collected by filtration and 
washed with water (200g) to give 30.5g of a paste containing 9.1 3g (0.0071 5M) of the dye: (yield = 71.5%) 
2-(4-[2,5-disulphophenylazo]-2-methoxy-5-methylphe 
[pentaethy!enehexamin-1-y!]-5-[5-hydroxy-7-su^ 
free acid. 

•35 

Stage 4 

A solution of 1.73g orthanilic acid (0.01 M) in 100g water at pH 8.0 was prepared, using 8% sodium 
40 hydroxide solution. To this solution was added 5.25g of 2N sodium nitrite solution and the whole cooled to 
0-5 "C. To this was then added 5g of 36% hydrochloric acid and excess nitrous acid maintained for 30 
minutes at 0-5* C. Excess nitrous acid was then removed by the addition of 10% sulphamic acid. 

A portion of the dye produced in Stage 3 (42.7g, 0.01 M) was added to 125g water and completely 
dissolved by adjusting the pH to 9.0 with 2N NaOH; added slowly with stirring. The diazotised orthanilic 
45 acid solution described above was added over 15 minutes at 0-5 "C and the pH maintained at 7.5-8.5 by 
the addition of 20g 8% sodium hydroxide solution. The solution was stirred to room temperature and the 
dye precipitated by the addition 2N HCl to pH 5.0. The dye was collected by filtration and washed with 
200g water. The solid was redissolved in 200g distilled water and subjected to dialysis. The resulting 
solution, free from inorganic compounds, was evaporated to dryness at 50-60* C in vacuum to yield 14.3g 
so of a colorant according to the present invention; 
2-{-4-{2,5-disulphophenylazo]-2-meth^ 
[pentaethylenehexamin-1-yl]-5-[5-hydroxy-6-^ 
yl-amino)-naphthalene, sodium salt, (yield: 90%). 

55 

Example 2 

An ink was prepared by mixing together 3 parts of the product of Example 1 Stage 4. 10 parts of 
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Methylene glycol and 87 parts of water to give a solution at pH 8.0. The solution was filtered through a 
nylon cloth (pore size 0.45um) and then degassed under vacuum. The solution was applied to plain paper, 
using a piezo or thermal ink-jet printing machine and the image obtained had a very high resistance to 
water. When the paper carrying the printed image was immersed in water or sprayed with ajet of water 
5 there was no detectable colour loss or deterioration of print quality. 



Example 3 

to The procedure of Example 1 was repeated except that tetraethylene pentamine (5g) was substituted for 
the 6g of pentaethylene hexamine in Stage 3 to give the dye 2-(4-[2,5-disulphophenylazo]-2-methoxy-5- 
methylpheny lazo)-1 •hydroxy-a.e-disulpho-a-O-ttetraethylenepentamin-l -yl]-5-[5-hydroxy-7-sulphonaphth-2- 
ylamino]-2,4,6-triazin-1-ylamino)naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 3. The ink was 

is applied to plan paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 



zo Example 4 



25 



Stage 1 



A solution was prepared by mixing 17.4g sulphanilic acid (0.1 M) with 200g water and sufficient of a 
50% aqueous solution of sodium hydroxide to give a neutral solution. The mixture was then stirred with 7g 
sodium nitrite and the resultant solution added to 20g 36% hydrochloric acid and 50g ice over 10 minutes 
with suitable agitation. The resultant suspension was held at 5-1 0'C for 1 hour after which 10% sulphamic 
acid solution was added to remove excess nitrous acid. 

A solution of 22.7g 1.7 Cleves acid (0.1 M) was stirred in 100g water with sufficient cf a 50% aqueous 
solution of sodium hydroxide to give a neutral solution. This suspension was then added to the diazo 
solution prepared above" over 10 minutes at <10*C. The mixture was adjusted to pH 4.0 with sodium 
acetate. The suspension was stirred for 4 hours during which time the temperature was allowed to warm to 
room temperature and pH 4.0 maintained with sodium acetate. The product was collected by filtration 
washed with water and dried at 60* C to give 40g (0.097 moles, yield 97.2%) of the amino-azo dye 4-(4- 
sulphophenylazo)-7-sulpho-1-naphthy!amine, 

Stage 2 

A solution of 50g (0.1 M) of the amino-azo dye from Stage 1 in 200ml water and 50ml 2N sodium 
hydroxide wash prepared and 9g sodium nitrite was added. The resulting solution was cooled to <10° C and 
added dropwise over 10 minutes to a solution of 50g 36% hydrochloric acid and 400g water The 
temperature was allowed to rise to room temperature over 3 hours after which time 10% sulphamic acid 
solution was added to remove excess nitrous acid and then cooled to 5* C. 

The diazo compound prepared above was added to a solution of 31 .9g (0.1 M) 2R acid in 500g water 
with 25g soda ash and sufficient of a 50% solution of sodium hydroxide to give a neutral solution The 
suspension was cooled to 5-10* C and maintained at pH 8-9 by further additions of 2N sodium hydroxide 
After 1 hour 25% sodium chloride (w/v) was added to precipitate the dye. This was collected by filtration 
and washed with 25% sodium chloride solution. It was then dried at 60 *C to give 57g (0.077 moles yield 

77.34%) of the disazo-amino dye 2-amino-3,6-disulpho-7-[4-(4-sulphophenylazo)-7-sulpho-1-naphthvlazol-8- 
hydroxynaphthalene. 

Stage 3 

To a solution of 3.1 9g (0.01 M) of the disazo dye from Stage 2 in 100g water at 5*C was added evenly 
a solution of 1.85g cyanuric chloride in 30g acetone with rapid agitation. The pH was maintained at 7.0 with 
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1N sodium hydroxide solution and the reaction mixture was allowed to warm to room temperature. The 
reaction was tested for completion by thin layer chromatography. After 3 hours, 5g of triethylene tetramine 
was added and the resultant mixture stirred overnight at room temperature. The pH was adjusted to 7.0 with 
concentrated HCI to precipitate the dye. The product was then collected by filtration, and washed with 

5 water. The solid was redissolved in 200g water at pH 8.0 with 1N sodium hydroxide solution and subjected 
to dialysis. The resulting solution free from inorganic compounds was evaporated to dryness at 60* C in 
vacuum to give 9.74g (0.0088 moles. 88.2% yield) of the dye 2-[4-{4-sulphophenylazo)-7-sulpho-1- 
naphthylazoH -hydroxy-3,6-disulpho-7-[3,5-di-(triethylenetetramin-1 -yl)-2,4,6-triazin-1 -ylamino]-naphthalene. 
An ink was prepared as Example 2 using 3 parts of the colorant described in Example 4 Stage 3. The 

70 ink was applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image 
with a very high resistance to water. When the paper carrying the printed image was immersed in water or 
sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 



75 Example 5 

The procedure of Example 4 was repeated except that 19.1g Gamma acid was substituted for the 31. 9g 
of 2R acid in Stage 2 to produce the dye 2-t4-(4-su!phophenyla20)-7-sulpho-1-naphthyla2o]-1-hydroxy-3- 
sulpho^-tS.S-di^riethylenetetramin-l-yO^Ae-triazin-l-ylaminol-naphthalene. 
20 An ink was prepared as Example 2 using 3 parts of the colorant described in Example 5. The ink was 
applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 

25 

Example 6 



Stages 1 & 2 

30 

The procedure for Example 5 Stages 1 and 2 was repeated. 



Stage 3 

35 

To a solution of 65.7g (0.1 M) of the disazo dye from Stage 2, in 1 litre water at 5* C and at pH 7.0 with 
IN sodium hydroxide solution, was added evenly a solution of cyanuric chloride (I8.5g) in 100m! acetone. 
The reaction was rapidly agitated at 5*C and the pH maintained at 7 with further additions of 1N sodium 
hydroxide solution. The reaction was tested for completion by thin layer chromatography. After 3 hours, 

40 17.2g metanilic acid was added as a neutral solution in 100g water. Stirred overnight at 40* C and at pH 7.0. 
After 14 hours 10% w/v sodium chloride was added and the pH adjusted to 5.0 with glacial acetic acid to 
precipitate dye. This was collected by filtration and washed with 10% sodium chloride solution at pH 5.0 
with acetic acid. It was then dried at 60 ' C to give 80.4g (0.085 moles, 85.4% yield) of the disazo dye 2-[4- 
(4-sulphophenylazo)-7-sulpho-1-naphthylazoh 

45 triazin-1 -ylaminoj-naphthaiene. 



Stage 4 

so A solution of 9.4lg (0.01 M) of disazo dye from Stage 3 in 100g water was stirred at a neutral pH 7.0. To 
this was added 6g triethylene tetramine and the resultant mixture warmed to 50* C for 3 hours. Cooled to 
room temperature and adjusted to pH 5.0 with acetic acid to precipitate dye. This was collected by filtration 
and washed with dilute acetic acid solution. The solid was redissolved in 200g water at pH 8.0 with 1 N 
sodium hydroxide solution and subjected to dialysis. The resulting solution free from inorganic compounds 

55 was evaporated to dryness in vacuum at 60* C to give 8.37g (0.0079 moles, 79.6% yield) of the dye 2-[4-(4- 
sulphophenylazo)-7-sulpho-1-naphthylazo]-1-hy 
sulphophenylamino)-2,4,6-triazin-1-ylamino]-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 6 Stage 4. The 
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ink was applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image 
with a very high resistance to water. When the paper carrying the printed image was immersed in water or 
sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 

5 

Example 7 

The procedure for Example 6 was repeated except that 6g tetraethylene pentamine was substituted for 
the 6g of triethyiene tetramine in Stage 4 to produce the dye 2-[4-(4-sulphophenylazo)-7-sulpho-1- 
70 naphthyla20]-l -hydroxy-3-suipho-7-[3-tetraethylenepentamin-l -yl-5-(3-sulphophenylamino)-2,4,6-triazin-1 - 
ylaminoj-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 7. The ink was 
applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
75 with a jet of water there was no detectable colour loss or deterioration of print quality. 



Example 8 

20 The procedure for Example 6 was repeated except that 6g pentaethylenehexamine was substituted for 
the 6g of triethyiene tetramine in Stage 4 to produce the dye 2-[4-(4-sulphophenylazo)-7-sulpho-1- 
naphthy lazo]- 1 -hydroxy-3-sulpho-7-^ 
ylaminoj-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 8. The ink was 
25 applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 



30 Example 9 



Stages 1 & 2 

35 The procedure for Example 5 Stages 1 and 2 was repeated. 



Stage 3 

40 To a solution of 65.7g (0.1 M) of the disazo dye from Stage 2, in 1 litre water and at pH 7.0 with 1N 
sodium hydroxide, was added slowly a solution of cyanuric chloride (18.5g) in 100ml acetone, keeping the 
temperature at <5*C. The reaction mixture was stirred for 3 hours, maintaining thee pH at 7.0 with 1N 
sodium hydroxide. The reaction was^ tested for completion by thin- layer chromatography. Then 12g of 
ethanolamine added. Warmed to 40 # C and stirred for 18 hours maintaining pH at 7.0 with 1N sodium 

45 hydroxide solution. Cooled to room temperature and 20% w/v sodium chloride was- added to precipitate the 
dye. This was collected by filtration, washed with 20% brine and pulled dry to give 285g filter paste 
containing 60.1 2g (0.072 moles, 72.5% yield) of the dye 2-[4-(4-sulphophenylazo)-7-sulpho-1-naphthylazo]- 
1 -hydroxy-3-sulpho-7-[3-chloro-5-(2-hydroxyethylamino)-2,4,6-triazin-1 -ylamino)naphthalene. 

so 

Stage 4 

A solution of 8.29g (0.01 M) of the disazo dye from Stage 3 in 100ml water was stirred at pH 8.0 with 1 N 
sodium hydroxide solution. To this solution was added 2g (0.01 M) triethyiene tetramine and the temperature 
55 raised to 60 *C for 3 hours. Cooled to room temperature and the pH adjusted to 5.0 with glacial acetic acid 
to precipitate the dye. This was collected by filtration, washed with 200g water and pulled dry. The solid 
was redissolved in 200g water at pH 8.0 with 1N sodium hydroxide solution and subjected to dialysis. The 
resulting solution free from inorganic compounds was evaporated to dryness at 50-60 # C in vacuum to yield 
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4.6g of a colourant 2-[4-(4-sulphophenylazo)-7-sulpho-1 -naphthylazo]-1-hydroxy-3-sulpho-7-[3- 
triethylenetetramin-1-yl«5-(2-hydroxye^ 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 9, Stage 4. The 
ink was applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image 
5 with a very high resistance to water. When the paper carrying the printed image was immersed in water or 
sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 



Example 10 

10 

Stage 1 

A solution of 13.7g (0.1 M) 4-aminobenzoic acid in 100g water was stirred at pH 8 with 2N sodium 
75 hydroxide solution. Then 50g 2N sodium nitrite solution was added followed by enough conc.HCI to adjust 
the pH to 1.0. Stirred at 5-10* C for 30 minutes after which 10% suiphamic acid solution was added to 
remove the excess nitrous acid. 

A solution of 22.7g (0.1 M) 1,7 Cleves acid was stirred in lOOg water with sufficient 2N sodium 
hydroxide to give a neutral solution. This solution was then stirred at 5-10* C and the diazo solution 
20 prepared above was added, adjusting the pH to 7.0 with 2N sodium hydroxide solution. Stirred for 4 hours 
allowing the temperature to rise to 20-25* C. The pH was then adjusted to 5 with acetic acid to precipitate 
the dye which was collected by filtration, washed with a little dilute acetic acid and dried at 60* C to give 
29.1 g (0.080 moles, 80.3% yield) of the monoazo dye 4-(4-carboxyphenylazo)-7-sulpho-1-naphthylamine. 

25 

Stage 2 r 

The procedure of Example 4 (Stages 2 and 3) was repeated except that the 0.1 M of the 4-(4- 
sulphophenylazoK-sulpho-1-naphthylamine was replaced by 0.1 M of the monoazo dye from Stage 1 above 
30 to give 2-[4-(4-carboxyphenylazo)-7-sulpho-1-naphthylazo]-1-hydroxy-3,6-disulpho-7-(3,5-di- 

(triethy lenetetramin-1 -yl)-2,4,6-triazin-1 -ylamino)-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 10 Stage 3. The 
ink was applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image 
with a very high resistance to water. When the paper carrying the printed image was immersed in water or 
35 sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 



Example 1J_ 

40 The procedure for Example 10 Stage 1 was repeated followed by Stage 2 of Example 5 and Stage 3 of 

Example 4 to give the dye 2-[4-(4-carboxyphenylazo)-7-sulpho-1-naphthylazo]-1-hydroxy-3-sulpho-7-(3,5-di- 

(triethy lenetetramin-1 -yl)-2,4,6-triazin-1 -ylamino)-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 1 1 Stage 3. The 

ink was applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image 
45 with a very high resistance to water. When the paper carrying the printed image was immersed in water or 

sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 



Example 12 

50 

Stage 1 

A solution of 18.90g (0. 1M) sulphonic acid in 250g water was stirred at pH 5 with 1N sodium 
55 hydroxide. The temperature was cooled to 0-5 *C and a solution of 18.52g cyanuric chloride in 100g 
acetone was added, allowing the pH to fall to 2.0. The reaction mixture was allowed to stir forl^ hours after 
which the pH was adjusted to 7.0 with 70* Tw caustic liquor. 

18.0g (0.1M Ml = 175) of metanilic acid was stirred in 80g water as a neutral solution and this solution 
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was added to the reaction mixture prepared above allowing the temperature to rise to room temperature. 
The pH was maintained at 6.5-7.0 with 1N sodium hydroxide solution, and the mixture stirred for 12 hours. 
The product was precipitated with 20% w/v sodium chloride and by adjusting the pH to 1.0 with 
concentrated hydrochioric acid. The product was collected by filtration and dried at 50 "C to give 34.02g 
(0.072 moles, 72% yield) of the product 3-[3-chloro-5-(3-sulphophenylamino)-2,4 I 6-triazin-1-ylamino)-6- 
sulphoaniiine. 



Stage 2 

28.5g 4,4 -diphenylamine-3-sulphonic acid was stirred in 40g 36 * Tw hydrochloric acid and 320g water 
at 0-5 C. Then 100ml 2N sodium nitrite was added and the resultant solution stirred for 30 minutes. 28.7g 
beta salt was then added add sufficient 10% sulphamic acid solution to remove any excess nitrous acid. 

A solution of 39g H acid in 200ml water at pH 6.0 with 70*Tw caustic liquor was prepared. This was 
added dropwise to the diazo solution prepared above keeping the temperature at 5-10* C. After the addition 
the pH was adjusted to 2.0 with 70* Tw caustic liquor. The resultant mixture was stirred for 12 hours at 
room temperature after which the reaction was shown to be complete. 

Then 47.25g (0.1 M) product from Stage 1 was stirred in 800ml water at pH 8 with 70*Tw sodium 
hydroxide. 50ml of 2N sodium nitrite was added and this solution was added to 80ml 36*Tw hydrochloric 
acid in 400ml water. This mixture was stirred for hour at 0-5* C. After 1 hour sufficient 10% sulphamic acid 
solution was added to remove any excess nitrous acid. This solution was added rapidly to the product 
prepared above at 0-5 *C. The pH was adjusted to 10 with 70*Tw sodium hydroxide and the reaction 
mixture stirred for 12 hours at 10-15* C. 

A solution of 10.9g (0.1 M) 3-aminophenol in 100ml water with a few drops of 70*Tw sodium hydroxide 
to ensure a complete solution when warmed to 40 °C. This solution was added to the mixture prepared 
above and stirred for 12 hours at pH 10.0. The product was collected by filtration, washed with 20% w/v 
sodium chloride and pulled dry to give a paste containing 81 .6g (0.067 moles, 67/3% yield) of a mixture of 

1- amino-2-(4-[4-(4-amino-2-hydroxyphenyla2o)-phenyiamino]-3-sulphophenyla2o) -3,6-disulpho-8-hydroxy-7- 
^2-sulpho-5-[3-(3-sulphophenylami and 1 -amino- 

2- (4-[4-(2-amlnc>4-hydroxypheny!azo)^^ 

5-[3-(3-sulphophenylamino)-5-chloro-2,4,6-triazin-1 -yiamino ]-phenylazo)naphihaiene. 



Stage 3 

12.12g (0.01M) of the product from Stage 2 was stirred in 50g water at 50'C to dissolve. To this 
solution 7.3g Methylene tetramine (5 M/M) was added and the resultant mixture stirred at 50° C for 12 
hours. The reaction was tested for completion by thin layer chromatography. After cooling to 40-45 "C, 
concentrated glacial acetic acid was added to adjust the pH to 6.5. Cooled to room temperature and the 
product collected by filtration, washed with a little 2N acetic acid and pulled dry. The solid was redissolved 
in 200g water at pH 8.0 with 2N sodium hydroxide solution and subjected to dialysis. The resultant solution 
free from inorganic compounds was evaporated to dryness at 50-60 ° C in vacuum to yield 9.57g of a 
mixture of 1 -amino-2-(4-[4-(4-amino-2-hydroxyphenyla2o)-phenylamino]-3-sulphophenyla20)-3, 6-disulpho-8- 
hydroxy-7-(2-sulphch5-[3-(3-sulphophenyte^ 

phenylazo)-naphtha!ene and 1-amino-2-{4-(4-(2-amino-4-hydroxyphenyla2o)-phenylamino]-3-sul- 
phophenylazo) -3, 6-disulpho-8-hydroxy-7-(2-sulpho-5-[3-(3-sulphophenylamino)-5-triethylenetetramin-1-yl- 
2,4,6-triazin-1 -y lamino]-phenylazo)-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 12 Stage 3. The 
ink was applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image 
with a very high resistance to water. When the paper carrying the printed image was immersed in water or 
sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 



Example 13 

The procedure of Example 12 was repeated except that tetraethylene pentamine (8.7g) was substituted 
for tetraethylene tetramine in Stage 3 . to produce a mixture of 1-amino-2-{4-[4-amino-2- 
hydroxyphenylamino]-3-sulphophenyla20)-3,6-disulpho-8-hydroxy-7-(2-sulpho-5-[3-(3-sulphophenylamino)-5^ 
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tetraethy lenepentamin-1 -yl-2,4,6-triazin-1 -y lamino]-phenylazo)-naphthalene and 1 -amino-2-(4-[4-(2-amino-4- 

hydroxyphenyiazo)-phenylamino]-3-sulphophenylazo)-3,6-dis^ 

sulphophenylamino)-54etraethyienepen^ 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 13. The ink was 
5 applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 



10 Example 1 4 

The procedure of Example 12 was repeated except that pentaethylenehexamine (11. 6g) was substituted 
for tetraethylene tetramine in Stage 3 to product a mixture of 1-amino-2-(4-[4-amino-2- 
hydroxyphenylamino]-3-sulphophenylazo)-3,6-disulpho-8-hydroxy-7-(2-sulpho-5-[3-(3-sulphophenyiamino)-5- 

75 pentaethy lenehexamin-1 -yI-2,4,6-triazin-1 -y lamino]-pheny lazo)-naphthalene and 1 -amino-2-(4-[2-amino-4- 
hydroxyphenylamino]-3-sulphophenylazo)-3,6-tiis^^ 
pentaethylene hexamin-1 -y l-2,4,6-triazin-1 -ylamino]-pheny lazo)-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 14. The ink was 
applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 

20 high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 



Example 15 

25 

Stage 1 

The procedure for Example 12 Stage 1 was repeated. 

30 r 

Stage 2 

13.8g (0.1 M) of paranitroaniline was stirred in 50g water at 0-5* C. To this neutral solution 21 .6g of 32% 
35 sodium nitrite solution was added. The resulting mixture was stirred vigorously for 15 minutes. 

This mixture was added to 160g water containing 42g of 27% hydrochloric acid at 5-10 'C. Stirred for 
30 minutes after which sufficient 10% sulphamic acid solution was added to remove any excess nitrous 

acid. • ■•' • 

A solution of 39 .2g H acid in 400g water was stirred at 5-10* C. The diazo solution prepared above was 
40 added with vigorous agitation keeping the temperature at 5-10* C. The reaction mixture was stirred for 4 
hours. 

87.3g of the product from Stage 1 was stirred in 400g water at pH 8-9. To this solution 52g 2N sodium 
nitrite solution was added and this then added to 300g ice/water containing 80g 36*Tw hydrochloric acid. 
The resultant mixture was stirred for 1 hour. Sufficient 10% sulphamic acid solution was added to remove 

45 any excess nitrous acid. This mixture was then added rapidly to the monoazo solution prepared above at 5- 
10* C. The pH was then adjusted to 10 with 70* Tw sodium hydroxide. Stirred for 12 hours allowing to warm 
to room temperature. Then 15% w/v sodium chloride was added to precipitate product which was collected 
by filtration, and pulled dry to give 347g paste containing 57.3g (0.06 moles, 60% yield) of the dye 1-amino- 
2-(4-nitrophenylazo)-3,6-disulpho-8-hydro^^ 

so yiamino]-phenylazo)-naphthaiene. 

Stage 3 

55 9.5lg (0.01 M) of the product from Stage 2 was stirred in 100g water. To this suspension 7.32g (5 M/M) 
triethylenetetramine was added and the mixture warmed to 55-60° C for 5 hours. The reaction was followed 
by thin layer chromatography. Then glacial acetic acid added to adjust the pH to 6.0 and to precipitate the 
dye. This was collected by hot filtration, washed with hot water and pulled dry. The product was re- 
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dissolved in 200g water at pH 8.0 with 1N sodium hydroxide solution and subjected to dialysis The 

resulting solution free from inorganic compounds was evaporated to dryness at 60'C in vacuum to give 

4.6g (0.0043 moles, 43.3% yield) of the dye l-amino-2-(4-nitrophenyla20)-3,6-disulpho-8-hydroxy-7-(2- 

sulpho-5-[3-(3-sulphophenylamino)-5-triethylenetetramin-1-yl-2.4,6-tria2in-1-ylamino]-phenyla2o)- 
naphthalene. ' ' 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 15 Stage 3 The 
ink was applied to plain paper, using a piezo or thermal Ink-jet printing machine, to give a printed image 
with a very high resistance to water. When the paper carrying the printed image was immersed in water or 
sprayed with a jet of water there was no detectable colour loss or deterioration of print quality. 

Example 16 

The procedure of Example 15 was repeated except that tetraethylenepentamine (8.8g) was substituted 
for tetraethylene tetramine in Stage 3 to produce the dye l-amino^^^nitrophenylazoJ-S.e-disulpho-S- 

hydroxy-7-(2-sulpho-5-[3-(3-sulphophenylamino)-5-tetraethylenepentamin-1-yl-2,4,6-triazin-1.ylamino1- 
phenylazo)-naphthalene. 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 16. The ink was 
applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality 



Example 17 



The procedure for Example 15 was repeated except that pentaethylenehexamine (11.80) was substi- 
tuted for tetraethylene tetramine in Stage 3 to produce the dye 1-amino-2-(4-nitrcphenyla20)-3,6-disulpho-8- 
hydroxy-7-(2-sulpho-5-[3-(3-sulphopheny!amino)-5-pentaethylenehexamin-1 -yl-2,4,6-triazin-1 -yiaminol- 
phenylazo)-naphthalene. * 

An ink was prepared as Example 2 using 3 parts of the colorant described in Example 17. The ink was 
applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 

Example 18 



Stage 1 

A solution of 1.3-phenylenediamine-4-sulphonic acid (1.9g. 0.01 M) in 50g water and 1 drop calsolene oil 
was stirred at pH 7.0 with 1N sodium hydroxide solution. To this was added 1.9g cyanuric chloride in 50g 
acetone and the resultant mixture stirred at 0-5 C and pH 2-3 for 2 hours. The pH was then adjusted to 7 0 
with 70 Tw sodium hydroxide liquor and a solution of para phenylenediamine (0.55g. 0 05M) in 50a 
acetone added. Warmed to 40 C and stirred at pH 8.0 for 30 minutes. The pH was adjusted to 4 0 with 
36 Tw hydrochloric acid to give a white precipitate, which was collected by filtration, washed with 2N 
hydrochlonc acid and pulled dry. The filter cake was then stirred in 200g water and the pH adjusted to 80 
wrth 70 Tw sodium hydroxide liquor. To this was added 6g 2N sodium nitrite and the resultant solution 
poured onto .ce/hydrochloric acid (sufficient to adjust the pH to 1.0-2.0). This mixture was stirred for 1 hour 
after which sufficient 1 0% sulphamic acid was added to remove any excess nitrous acid 

The reaction mixture was added slowly to a solution of 2.3g 1.7 Cleves acid in 100g water, keeping the 
PH at 8.0 by additions of 1N sodium hydroxide solution. The reaction was followed by thin layer 
chromatography. After 1 hour the reaction was adjusted to pH 3.0 with 36* Tw hydrochloric acid to 
precipitate the dye which was collected by filtration, washed with dilute hydrochloric acid and pulled dry 

The filter cake was stirred in 800g water and the pH adjusted to 9.0 with 70* Tw sodium hydroxide 
liquor. To this solution. 6g 2N sodium nitrite solution was added, cooled to 0-5* C and 20g 36 'Tw 
hydrochlonc acid run in. Allowed to warm to room temperature and poured onto a solution of 2.84g qamma 
acid in 100g water at pH 8.0 with sodium carbonate. After 1 hour 10% w/v sodium chloride was added and 
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the pH adjusted to 5.0 Stirred for 30 minutes at room teperature, then the product was coliected by 
filtration, washed with water, washed with acetone and dried at 50 *C to give 8.0g (0.00477 moles, 47.7% 
yield) of the dye, l,4-bis-{4-[3-(4-[7-amino-1-hydroxy-3-sulphonaph-2-ylazo]-6-sulphonaphth-1-yla20)-4-sul- 
phoanilino ]-6-chloro-s-triazin-2-ylamino)-benzene. 

5 

Stage 2 

3g (0.001 8M) of the product from Stage 1 was stirred in 80g water and 2g triethylenetetramine added. 
70 The solution was stirred at 60-70* C for 3 hours. Then the pH was adjusted to 5.0 with glacial acetic acid. 
The product was collected by filtration, washed with water and dried at 50 # C in vacuum to give 2.91 g 
(0.0015 moles, 85% yield) of a dye 1,4-bis-(4-[2-aminoethylamino-ethylaminoethylamino]-6-[3-(4-[7-amino-1- 
hydroxy-3-sulphonaphth-2-yla2o]-6-sulphonaphth-l-ylazo)-4-sulphoanilino>s-tria2in-2-yl-amino)ben2ene. 
An ink was prepared as Example 2 using 3 parts of the colorant described in Example 18. The ink was 
/5 applied to plain paper, using a piezo or thermal ink-jet printing machine, to give a printed image with a very 
high resistance to water. When the paper carrying the printed image was immersed in water or sprayed 
with a jet of water there was no detectable colour loss or deterioration of print quality. 
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1. A colorant free from cellulose reactive groups comprising an anionic dye carrying from 1 to 10 acidic 
groups and at least one poly(C2-4-alkyleneimine) group containing from 2 to 10 C 2 -*-alkyleneimine units. 

2. A colorant according to Claim 1 wherein the anionic dye comprises 1 or 2 chromophoric groups and 
25 from 1 to 3 polyvalent linking groups through which each chromophoric group is linked to another 

chromophoric group or to a poly(C:-4-alkyleneimine) group. 

3. A colorant according to Claim 2 selected from the group consisting of: 



30 



35 



D-J-R R-J-D-J-R 



R R 
D - L D - L 

\ 



D D 
N / 

40 M 



wherein 

45 each D independently is a chromophoric group; 
each J independently is a divalent linking group; 
each L independently is a trivalent linking group; 
M is a tetravalent linking group; and 

each R independently is a poly(C 2 -A-alkyleneimine) group containing from 2 to 10 Al units; 
50 in which the groups D, J, L and M in any colorant carry, in total, from 1 to 10 acidic groups. 

4. A colorant according to any one of Claims 1 to 3 in which the acidic groups are selected from 
sulphonate, carboxylate and phosphonate. 

5. A colorant according to any one of Claims 1 to 4 which contains from 2 to 6 acidic groups. 

6. A colorant according to any one of Claims 2 to 5 wherein the chromophoric group is the residue of 
55 an anionic azo, anthraquinone, phthalocyanine or triphendioxazine dye. 

7. A colorant according to Claim 6 wherein the chromophoric group is the residue of an azo dye derived 
from benzene or naphthalene diazo components and benzene, naphthalene or monocyclic heteroaromatic 
couplers. 
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8. A colorant according to any one of Claims 1 to 7 wherein the poly(C2-*-alkyleneimine) group is of 
the formula: 

- NH •(C m H 2m NH) p W I 
wherein m is from 2 to 4, preferably 2 or 3; 
s p is from 2 to 10, preferably 2 to 6; 
and Wis H or Cw-alkyL 

9. A colorant according to any one of Claims 1 to 8 wherein the ratio of the number of acid groups to 
the number of poiy(C 2 -*-aikyieneimine) groups is such that the isoelectric point is in the pH range from 5 
to 7. 

to 10. A colorant according to any one of Claims 2 to 9 wherein each linking group is selected from 2,4,6- 
triazin-1,3-yiene, 2,4,6-triazin-1 ,3,5-ylene, methylene, sulphonyl, 6-carbonylquinoxa!in-2,3,6-ylene, 5,6- 
dichloro-2,4-pyrimidin-1,3-ylene, 6-chloro-2,4-pyrimidin-1 ,3,5-ylene, 2,4-pyrimidin-1,3,5,6-ylene and car- 
bonyl. 
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